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Physiology of Chimpanzees in Orbit 
September 1969 ~ March 1970 
I. PHYSIOLOGY 
A) Circadian Rhythms 
-
1. Unrestrained Uncatheterized Chimpanzee: Periodic Micturition, 
Urinary Metabolites and Hormones and the Sleep/Wake Rhythms 
During this report period, a repeat collection run was performed 
on one of the original three chimpanzees used in the study reported in the 
Progress Report of January - September 1969. Analyses have now been com-
pleted for volume, osmolarity, pH and creatinine. The analysis of Calcium, 
Phosphorus, steroids and VMA are in progress. 
Preliminary data indicates patterns similar to man in all of 
the above parameters. Upon completion, the results will be reported as a 
series of papers as follows: 
chimpanzee: 
Circadian patterns in urinary excretion in the unrestrained 
1. Biorhythms of urine volume, pH, and osmolarity 
2. Biorhythms of urinary hormones and metabolites 
3. Biorhythms of urinary electrolytes 
4. Relationship of EEG stages to micturition and urinary 
values 
B) Baseline Biochemical Studies in Growing Chimpanzees: 
A biochemical urine study was run for six consecutive days on six 
young chimpanzees (3 male and 3 f~male) ranging in weight from IS to 17 kg. 
The first two days the animals were fed a normal diet; the next 
two days the animals were deprived of food to test stress, followed by two 
days of normal diet. Twenty-four hour urine excretion values were obtained 
for volume, osmolarity, creatinine, creatine, l7-hydroxycorticosteroids, 3-
methoxy-4-hydroxy-mandelic acid, calcium and inorganic phosphorus. 
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A marked increase in steroid excretion was found on the first 
stress day with a slight decrease on the second stress day, followed by a 
decrease of values approaching normal levels on post days. 
Inorganic Phosphorus levels increased markedly on stress days 
and returned to normal on the second day. The Calcium levels were inversely 
related. 
-
This work is in preparation for publication and will be entitled: 
"Effect of Two Day Food Deprivation on Some Urinary Excretion 
Values in the Unrestrained Chimpanzee." 
II. 30 DAY ISOLATION STUDY (See appendix I for details) 
The purpose of this study was to obtain data on a protocol similar 
to that suggested for a flight. Activity, sleep/wake and excretory rhythms 
in an isolated chimpanzee during various light/dark cycles were obtained. A 
variety of measurements were obtained during the 5 phases of this study. EEG's, 
food and liquid intake, urine and fecal output, task performance, and notes 
on animal ac~ivity were monitcred by means of closed circuit television. 
The five phases of this test (Figure 1) consisted of an adapta-
tion to the cage and to the routine (Phase A). This phase lasted ~ weeks. 
The second, third and fourth phase (B, C, and D) were each of 10 day dura-
tion and consisted of a "normal" light/dark cycle of 12 hours each (12L/12 D 
cycle - 0700 to 1900 L), a 10 day phase of continuous illumination, and a 
10 day phase of 12 L/12 D synchronized to the animal's activity at the onset 
of the 21st day of isolation. The last Phase EJ lasting only 6 days, was 
used to resynchronize the animal to the "normal" LID cycle of Phase A and 
B, that is, onset of day at 0700. 
Hourly urine samples were collected by means of a specially 
adapted fraction collector. The urine was ~nalyzed continuously throughout 
the study to observe the animal's state of health by means of checking volume, 
pH, specific gravity, glucose, ketone bodies, total protein and blood content. 
The samples were later analyzed for osmolarity, creatinine, creatine, 17-hy-
droxycorticosteriods, 3-methoxy-4-hydroxy-mandelic acid (CMA), calcium and 
inorganic phosphorus (Table 1). 
Definite patterns in urinary excretion were noted. They agree 
well with those for man and with previous micturition data. Steroids show 
a definite circadian rhythm (similar to man); one sees peak values in the 
morning upon awakening and a decrease during the sleep or "night" time. This 
rhythm persists also during the free running period, Phase C of the test, 
under continuous illumination. 
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Previous micturition studies in this laboratory indicate that 
the animal has his largest urine output upon awakenbg. During this test, 
the high output phase corresponded to the start of the task activity (MSSD) 
which was set to begin 30 minutes after the animal had awakened. As can be 
seen from the data, Figure 1, it took the animal approximately 10 of the 14 
days to adapt to the new cage environment and to the routine. During Phase 
B, isolation 12 L/12 D, the urination pattern was well defined (upon awaken-
ing circa 0900 and at 1400, and 1600). During Phase C, under continuous il-
lumination, the wake patte~n and the urination pattern indicated a free run-
ning period of 24 3/4 hours. A similar value has been found in man under 
isolation conditions similar to that of the test animal. During Phase D of 
the test, the animal was again given the cues to day/night cycle with the 
onset of day at 1430 local time which matched his 21st day activity cycle. 
The pattern of urination at the onset of day was again present throughout 
most of this phase of the test. At the end of the 10 days of Phase D, the 
animal was given a short night and resynchronized to the original day/night' 
phase of 0700 as the onset of day. The urination pattern of the third day 
res)'11chr,onized to this light/dark cycle. 
Detail analysis of the EEG for sleep/wake and for behavior is 
proceeding and will be reported on at a later date. The on-line EEG analysis 
correlated well with the visual observation of the animal on the TV. 
III. ENGINEERING/HARDWARE 
A) Telemetry 
Development of a totally implantable telemetry system is con-
tinuing. Component selection for the micropower Jiotelemetry preamplifier 
was accomplished and functional testing completed. Since successful develop-
ment or procurement of a micropower multiplexer remains to be accomplished, 
initial system tests were performed on a single channel system with the re-
sults being satisfactory. 
A determination was made of the major companies involved in the 
development of "Complimentary Metal Oxide Semiconductors" of which one ap-
plication is micropowered multiplexers. 'Radio Corporation of America, Hughes 
Electronic Division, and Motorola Corporation were contacted, revealing that 
instrumentation similar to that required for the telemetry system is under 
development at RCA with their target marketing date being the thj.rd or fourth 
quarter of this year. A review of their concepts and test data will be per-
formed upon receipt of RCA's ~iterature, now in transmittal. 
; 
i 
! 
I i 
t 
I 
i 
i 
I 
I 
! 
! 
1 
I 
" 
't-
.I 
~ ---
• 
" 
' ... ,- ..... ' .. .' :.'. 
-4-
B) Behavioral Trainers 
1. Primary Trainer-Electronics 
The end item specification for the "primary trainer" incor-' 
porating a variety of operant behavior training techniques was completed. 
Digital circuit design is approximately 25% complete and fabrication of iso-
lated circuits has been initiated. 
2. Primary Trainer-Behavioral Panel 
The design of the Behavioral Panel incorporating proximity 
switch~s has been completed. Fabrication of a single unit is approxi-
mately 80% complete. 
After functional testing and primate compatibility of the total 
behavioral system is established, additional units will be fabricated. The 
primary trainer is' scheduled to be functional by mid-April. 
C) Test Booth 
Modification of the test chamber used in the "30 day te:t" has 
begun to determine the feasibility of primate environmental control. The 
modification consists primarily of offering the primate temperature and 
lighting intensity control. 
The preliminary specification establishing the experimental 
conditions required for this training program has been completed. Elec-
trical/mechanical design is 25% complete. Fabrication will begin upon 
completion of the design phase. 
D) Interface Document 
The preliminary interface document was completed, published, 
and presented at a meeting held at NASA/Headquarters on 14 January 1970. 
The document is being periodically updated and refined to reflect the ac-
complishments of the development program. 
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Fig. 1: Micturition in 30 Day Chimpanzee Isolation (1967) 
Urine volume are plotted versus local time for the periods of adaptation 
to cage and routine, the 30 days of isolation and, for the post-isolation days. 
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TABLE I. 
30 Day Isolation Study (September -November 1969). 
URINE EXCRETION VALUES. 
, -. 
. 
Mean Volume Creat ine 17-oH - VHA Calcium Phos-pH Specific Osmol- Creat- Cortico-
-
- (ml) G rav ity t.r.ds~) 
. mJ?~llehr mg/24 hr phorus I Values stero ids mg/24 hrs mg/24 hr 
... ,. I?b. J.. .. 
-
mq/24 hr .: 
~~ .. 
r' 
. j 
i Pre-Run I 
Adaptation 396 7.37 1.014 396.4 460.8 (10 Days) 96.6 0.882 1.455 209.9 15.06 I 
0- I 
- /' 
Isolation 1 1 
Days 1-10 
12l/T20 
363 6.82 1.015 408.1 607.9 137.9 0.771 1.552 170.7 30.4 
---
Days 11-20 
CE~MQuOUS 303 6.56 1.019 50(,.6 559.6 162.6 0.593 1.238 101.8 124.6 
• 
Days 21-30 
12l/12D 275' 6.32 1.021 589.4 508.1 125.7 0.639 1.000 101.8 96.3 
-. 
Post-Days 
(4 Days) 360 6.60 1'~017 479.S 361.0 74.7 0.655 1.047 107.9 98.5 
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Appendix I 
30 DAY ISOLATION STUDY 
(September 196~) 
1. MATERIALS 
A) Acoustical Chamber 
A high performance sound isolation chamber with special tempera-
ture and odor control air conditioning equipment was used for the 30-day 
test (Pig. 1). Temperature, controlled and monitored outside the chamber, 
was maintained at 76° t lOp throughout the test. The relative humidity was 
recorded at SO z 20\. 
8) Cage 
The animal was placed into a 4-foot cubical cage which was housed 
in the chamber (Pig. 2). The four walls and ceiling of the cage were made of 
fiberglass and painted light gray. The floor consisted of three aluminum 
gratings, silver gray in color. Beneath the gratings was a fiberglass screen 
whjch served as a filter to separate feces and urine. The screen, in a 100 
foot roll, was attached to the back of the cage so that a clean section could 
be rOlled into place daily. D~rectly under the screen were two removable 
stainless pans. The pans were sloped to collect urine. A polyethylene tube 
ran from the pans to a urine collection system outside the chamber. Incor-
porated in one wall of the cage was a panel c.onsisting of five proximity 
switches, a biscuit dispensing dish, and a liquid spout (Pig. 3). 
Two levels of lighting were used. Pour incandescent light bulbs, 
controlled by a variable autotransformer outside the chamber, were mounted on 
top of the cage, one in ea(:~ corner. The bulbs were separated from the test ' 
chimpanzee by small plexiglass win~ows" _, Th~ d8:ytime level was .10 foot candles 
and the night level was 0.3 foot ta:,,,dles at' -t!".e '~enter of the cage floor. A 
c10sed-~ircuit TV camera was mounted on the top of the cage for viewing the 
chimpanzee on a 24-hour basis. 
C) Telemetry 
A. seven-channel PM/AM telemetry pack wes used to transmit cortical 
, 
-and subcorticll EEG, EOG, and EMG signals. This system was previously des-
cribed by Zweizig et al (1966). The transmitter battery capacity was modified 
to accommodate a 30-day continuous recording. Eighteen Mallory ITR 234 bat-
teries were incorporated into the harness, thereby allowing the primate maximum 
aobility (Pig. 4). 
.\ 
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The electrical potentials were transferred from the implanted 
head plug, and down a short cable to the telemetry pack strapped to the chim-
panzee's back. The signal!. were amplified, multiplexed, and transmitted. 
The transmitted signal was received by an antenna located outside the cage. 
From the receiver, the signal was demultiplexed and fed simultaneously into 
a Grass '6 polygraph and an Ampex FR 1300 tape recorder. 
The data recorded from the chimpmlzees: 
EEG from stainless steel screws overlying the left parietal, left and right 
--- occipit~l cortices. Subcortical EEG from bipolar electrodes located 
in the right anterior hippocampus (A 7, R 19, H 2.5), right amygdala 
(A 15, RT 9, H 0), and the right centrum medianum (A 4, RS, H 16). 
EOG from stainless steel wires placed in the ventral lateral orbital ridge 
--- and the medial dorsal orbital ridge of the left eye. 
EMG from electrodes in the posterior neck muscle. 
D) Urine Collection System 
Urine samples were collected at hourly intervals by means of a 
rotating bottle :ystem (Fig. 5). The bottles were inserted into a round 
turn table which would rotate one bottle position per hour. A one hour 
timer would activate the clutch on the turn table motor, moving the table 
into the next position. Upon reaching the new position, the table would 
trigger an off switch releasing the clutch. The bottles were checked 
hourly, removed and labelled. 
II. PROCEDURE 
A) Adaptation 
The chimpanzee was allowed one month to adapt to the test en-
vironment. Initially the animal was placed in the test cage for two hours 
daily to learn to perform the matching to successive samples (MSSD) task 
using proximity switches instead of the more familiar mechanical switches. 
As the primate became accustomed to the new switches and to wearing the 
battery back pack, the time in the test cage was extended gradually until 
the animal was completely adapted and ready for the 30-day test. 
This adaptation period also provided an opportunity for the 
animal trainers and technicians to establish procedures and adjust to time 
shifts in their work ina schedules. 
, 
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At this time various EEG electrode sites were tested and de-
cisions were made as to which sites would be used. 
B) Isolation 
The chimpanzee received a new supply of batteries, a final 
health check and was placed into the cage for 30 days of isolation. He 
entered at 7 pm, at which time he began a l2-hr dark cycle At 7 am, the 
lights were turned up to the daytime level. This continued for the first 
ten days; the t~cond ten days were continuous light; the third was a 12 
L/12 0 cycle which was shifted to coincide with the chimpanzee's on-going 
sleep/wake cycle. 
The onset of MSSD occurred thirty minutes following a contin-
uous wake stage. The wake stag~ had to follow a minimum of eight hours 
of sleep interrupted by less than 30 min of arousal at anyone time. MSSD 
was the animal's only source of solid and liquid intake and generally 
lasted 2.5 hours. 
TV monitoring of the chimpanzee was continuous. 1be animal's 
position and activities were noted by the technician on the EEG record. 
The technician also monitored the EEG and plotted the sleep/wake cycle on 
a chart recorder. This plot was an e~cellent picture of the chimpanzee's 
24-hr sleep/wake rhythm and w~~ used to determine the onset time for MSSD 
and the light/dark cycle of the last 10 days of the test. 
D) Data Analysis 
EEG sleep/wake stagin~ is presently being done. The three 
levels for staging, wake, non REM and REM are being plotted on the 930-61 
computer plotter in 24-hour segments. 
The attached cnarts represent a dally collection of information 
Including liquid and solid intake, urine output along with some chemistry, 
fecal output, room temperature and relative humidity. Also Included Is 
the deily starting time of KSSO and times of enelog tape recordings • 
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:0 15.5 314 322.5 23 37 230 303.3 17 12.3 19 139.3 . 'J 
22 9 297.0 262.8 23 31 i ~': vomi t • ~q2 " ??'~ 
5 5 5 5 5 6 5 5 5 5 
5 5 5 5.5 5 5 7 6 6-6.5 5.5 
7 7 5 5 - 5 6 5 , 5.5 7 7 
C; I 
1.020 1.027 1.027 1.022 1.023 1.018 1. 017 1-.033 1.027 1.021 
1.009 1.017 1.016 1.029 1.013 1 :026 1.013 ,-:1.018 1.0.17-1.013 1.028 
1. 016 1.009 1.0.22 
--
1.032 -- 1.028 
j .032 1. 028 --
--
-- -- -- -- -- -- -- -- -- n -- -- -- -- neg Tight 19 -- neg-iight -- neg Tight 15 -- .. -- light 9 -- -- -- neg 1 ightO --neg trace -- -- neg trace neg trace -- neg trace -- neg trace 0,19,22 22 23 19 15,23 .. ~ '-. ' 
83.8 gm 32.2 gm 37.6 gm 80.5 gm . 103.6 gm 80.0 gm 60.0 gm 80.0 gm 86.0 gm 
75 75.5 76.5 75.6 . 75.5 75.5 75.5 75.5 75 76.5 
59 60 58 '6] 59 62 37 41 41 45 
1615 1602 1615 1600 , 1604 1550 1616 1640 1539 1635 
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